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The results of sn aerdyzmuio snd idng invsstQgbtion ti a 
single-offeet-duot systnm that was designed to prevent the sntranoe 
of water and foret* paftid.08 into n turbojet sngine sre presented. 
TfDe rOBUlt8 abav that th8 Singls-dU& hbt hOOrpOrating b&8&l& 
water-inertls sepmaticm features had a 2 permnt better ram - 
preseure reo0ven.y thsnthatfor the alternate duotused inthe tw- 
scmsntrio-duot sm. The single-duct rauqreesure reoovery of 
77 percent, hmevsr, m  oonsiderabu less than the rsoovery 
attained with the main duet of the two-concentric-duet system. Good 
ioe groteatian uas attained with the eiguration investigated. 

!Fhe design& a s3n&e=duatinlst of the internaluater- 
inertia separatioDdssignhas senraladvantages overthe two- 
OaPoC&ZiO-dUti eyetea described inre&ermoslprovLded that a 
high ram -preem re rwovery esn be attsinsa. The aingls-offset-hot 
deals elim inatss the rapid diffusiocl at the altsrnats-duot inlet 
and outlet, uhieh are inherent in the main duet of the oonoentrio- . 
dust 8ySteIll. The 8i3lgle-offset-duot sy8tamsleo is independent of 
the IlBiIl-dUot-SCI'ee3I icing CharaOteriBtiOB during ap icing Omdi- 
tion. Furthermore, small dust partioles and even pebble8 cam be 
effectively prevented iram  entering the engine by proper desiep of 
the inlet. Bar fabrication and installation, the single offset 
duot is lighter and hue more apaoe available for aoceseories than 
the two-ocQcentrio-du~t SyStelL The aooasaory-housiag no88 cam be 
more eaeily and better -red than dire&-m m  or comentrio-duot- 
Inlet systems, thereby providing more protection for the engine. 
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Thfa unheated ioingtolerame, which18 relativelygreatforthe 
two-duet eystem, is omsidsrably rsdused for ths eingle-duot sgtan 
beaause of the e3.iniirution of the main duct that serves as an loo 
trap for a large amount of water antering tbrot@ the nacsll.0 inlet. 
Agreater mrfaoe areamustbe heated oontinuouelya& providedwIth 
wuterdrerine Inorder tohaw ths eyetan operate effaotirely. 

In ordertodetemke the &araoterletios oba single-offset- 
duet eye&em, aerwo end prelm ioing invsati~tlcms were 
oonduoted in the MACA Clevslandioingretse~htunnelcm several 
one-half-male internal water-Inertia eeparatiaa elx@e-duot Inlets 
at a tunnel velocity of approximately 26C to 280 mile8 per hour and 
8imulatediolng ocmditioms atateunperature & approximately24OB. 
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'Pheyfollawlng symbols are used in thle regort: 

tOWlpZWs8~ withreferenoetotest oha;lrrber, poundSp0r squaret 
fO0-t 

maximum c%rose-eeotional height of duet at any se&ion, inohee 

dietsme frap outer dust wall to tot8bpreesur8 tubes, In&se 

dynamio pre8SUZW OfairStresm,poundBpeY? equarVfOOt 

-totaltmpsratursoffreeairBtream,~ 

Indicated airspeed, mllee per hour 

angle of attadlr of nacelle, degrees 

~-~88~ ZWOO-W, 

&bBoriptS: 

0 free strwm 

1 naaelle inlet 

2 oompree8or inlet 

av a-w 
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All the investigation8 reported herein were oor&mtsd with 
mdelsthatwbremcdifioatione oi ocmfiguraticms A-land A-7 ~5th 
nacelle no8es H-1 and X-2 (refereme 1). All inlet models were of 
21-inch maxim= diameter oorrespanding to the me-half-scale dimen- 
aion of an axial-flow engine rated at 4000-pound8 static tWu8t at 
sea level utilizing an ll-stage caqpressor, eight cyli&rical 
burners, and a single-stage turbine. The design inlet-PeloUity 
ratio (0.77) as determined by the minimum naoelle-inlet oross- 
aeotional mea wa8 based on a free-stresm wlooity of 550 miles per 
hour and a maximum air flow of 19.6 pounds per second at an altitude 
of 40,000 feet. 

Themodelewere Inst rumenw at the cmpreesor-inlst eeotim 
in order to obtain oiroumfers&ialmaee-flow vwiaticm8 around the 
model, VelOCity profile8, snd ram-preeeurs recovery. A screen Of t 
oircmnfersntiallymounted wires 0.062 inoh in titer spaced 
0.25 inchapart wa8xnountsd&he&d of the uunpreesor inlet. Details 
of the inetrumm tation are given in referenoe 1. 

The first oonfiguration, B-l (fig. l(a)) ucmeisted of oonfig- 
taration A-l (reference 1) vith the main d.uet blooksd ti a X&inch- 
diameter plate BeCUred to the dust-splitter ring flush with the 
leading edge of the ring to provide a faired inner surfaoe for the 
air entering the duet elbow. 

ConfiguratimB-2 differed froanB-l inthatthe l&inch- 
diameter plate was raomd farther af% in the main dust to imreaee 
the icing tolermme of the syetemr by provZd5ng an ioe trap, as shown 
in figure l(b). 

For eonfigmration B-3, (fig. l(o)), the duet-splitter ring 
from configurat4~ A-7 (refersme 1) wa8 utilized and a spike-nose 
aocessory housing was de8igWd to protide a acadisnt-area duct iKan 
the no8e to the duet elbow. The purpose of the spike nose was to 
maintain gocd flow &aracteristioe ircan the nose-inlet eecticm 
through the elbow as well a8 to stabilize the flow in the duct at 
high angles of attack. 

Configuration B-4 (fig. l(d)) was a modificaticm of eonfigurer- 
tion B-3. Ip this design, the spike-nose Be&ion was moved rearward 
1 imh to inoreaee the doing tolerarme of the system by providing an 
ioe trap aimUartodesign B-2az1dyetmaintaininggoodflov8harao- 
terietioe. llhisooniigurationnolaslgerlzvsinfsinedtheoonetant 
cross-seutional mea aseooiated with oimfiguration B-3. 
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For oonfigurations B-l to B-3, the original naaelle nose H-1 
wa8 used; however, for deeign B-4 the reUeei@md nose H-2 (refer- 
ence 1) wae utilized. 

The inveetigation was cmnduoted In the 6- by g-foot teat 
section of the Cleveland ioing reeearsh tmnel at a tunnel velocity 
of approximately 280 milee per hour. 

The aerodymuuio investigationwasmadetiththe sareenremovexd 
frm the model at angles of attack of O", 40, and So and at inlet- 
velooity ratios ranging fYcm 0.2 to 0.75. 

A series of prelinimmy ioing investigation8 were -de with 
the soreen in plaoe and at the design inlet-vslooity ratio to 
detemnine the Ming ohmaoterietioe of the inlets. The ioing 
inve8tigatiom were ccxduoted at an angle of attaok of O" and at au 
airepeed of 260 miles per hour. The BpZY3y~ui~tUZkB the Bame 
as aeeoribed in refermoe 1 and produc0a effective droplet size8 
varying from I.2 to 15 p1imon8, a8 determined Jy volume maxImum. The 
maximumduration oftheioingruns 7288 15 minute8 afterWhiCh 
I?e8idUal ioing photographa were take of the model. The tqperature 
for the lain2 lnve8ti~tion was approximately 22O F. Additioaal 
iafomationonthe spray equigsnent la contained inreference 1. 

Aercdynamio Inveetigatiapl 

The aerodynsmio re8ulte obtained were 8iaPilar to the results 
of reference 1 for the omditicm in whioh the main duct vae blooked 
off and on4 air entered the ccmpreeeor-inlet seotion through the 
alternate duot. 

Bam-preseure reoovery. - The rampreeeure recovery q wae oal- 

oulated a8 [1- F4l 
where the totE+pZWSBU'e differewe 18 

the integral&l averag?pre8sure differential (HO - Hz) ofallthe 
aerodynamio rakes in the ocunpreseor eeotion. Barn-preesure reooveriee 
forthe oonfignraticms inve8tigatedwithno aoreeus are shownin 
figure 2 BS a f’unotion of inlet-velooity ratio. Movin& the plate 
aft thus protidirq au ioe trap deareaeed the ram-pressure reoovery 
slightly (B-l and B-2). Increasing the gap opmzIzq (B-3 and B-4 as 
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ocmpared to B-l snd B-2) impromd the ram-pressure recovery by as 
muoh as 20 percent at the design-inlet velocity ratio; this improve- 
meqt, however, was actxmplished at a sacrifice in water-separation 
charaoteristics. At no time did the ram-pressure recovery approach 
that of the direct-ram inlet A-O with nose H-1 (referenoe 1) at the 
desigu inlet-velooity ratio. In general, the rem-pressure recovery 
for the single-duet inlets was improved by 2 percent over that 
obtained with the main duet blooked for the ssme components (A-l 
and A-7) in reference 1 and reached a maximum of 0.77 at the desis 
iulet-velooity ratio, which is considerably lower than the ram- 
pressure reaovery for the dire&-ram inlet. 

Velooity distributias. - Typioal radial profiles of velooity 
at augles of attack of Oo and approximately 8O are shown in figure 3 
for the single&z& inlets. These profiles are similar to those 
obtained in refereuoe 1 for the same alternate-duet omfiguratious. 
A slight improvement in the velocity profile was obtained when the 
spike nose (B-3) was used. It was observed that the spike nose 
improved the flow stability. The mass-flow shifts that ocourred at 
augles of attack over 6O with alternate duct A-7 aud naoelle 
nose N-l (referent 1) did not oodur with B-3 up to an angle of 
attack of 80. 

Ioing Investigation 

In general, the ice formations were similar to those observed 
in reference 1. 

Configuration B-l (fig. 4(a)) had a very low icing tolerance. 
Ioe formatiousnear the rimofthe flatdisk,whichfomed onewall 
of the duct, were very rough snd socm cmstricted the passsge to 
such au extent that the air flow rapidly decreased. In less than 
2 tiutes of ioiug, the ram-pressure reoovery dooreased from about 
68 to 20 peraent. The ioe tr8p In oonfiguratim B-2 (fig. 4(b)) 
provided increased icing tolersme ae cmgmed to B-g and no 
appreciable ram-pressure loss wae caused by icing in 10 minutes. 
The remainder of the duct was iced in a mmner similar to ccmfig- 
uration AAl of referenoe 1. 

CcmfigurationB-3 was not investig&ed in an io5ng condition 
because it oantained no ice trap. configuration B-4 ioed in a 
manner similar to deeis B-2, as shown in figure 4(o), and no 
appreciable xms-pressure loss was experienced in 15 minutes, 
although suue soreen icing ocourred. 

. 

Design reooumendatlons. - Continuous heating of the accessory- 
houeingmrf8oewoul.d be required for inlets that have smallioe 
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trrrpe. Inaddlticq the mme ~~~3aaeemayhave tobe loaallyheated 
ae those in the double duate, namely, naoelle nose and Inlet mrfaaea 
and the duct elbow wherever secondary Inertia eeperstion oaaura. 

An lnveatigatiau was acmduated to determine the aerodynamla 
andlaingaharaaterlstlae ofaaixkgle-afieet-duat ayeten. The eingle- 
duat syiElteaPinoorparatinginternalwater-inert;iereeparationfestures 
had a ram-preeeure reaovery approrima tely 2 peraent greater -than far 
the same alternate-duct acx&!lguratlone. At the deei@ inlet-velocity 
ratio of 0.77, a maxImum rant-preeeure reaovery of 77 peraent wtm 
obtalnedtithgoodlae proteation. Thle rank-preeaure reaovery wae 
aoaeiderably lose than the recovery attalned with the maln duat of 
the two-acnaentrla-duat 8yatetm. 

Flight Propulsion Reeearch Laborstory, 
Natimal Advieory Ccamittee for Aeranautlofs, 

c1evAaxld, Ohio. 

l.vcmGle+hn,Uke: Iae Proteaticm of Turbojet Engine9 by IUrtia 
Sepmatioa of Water. I -Alternate-Duat Syetem. HACABf 
No. mA27, 194!8. 
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(a) Configuration B-l. 

(b) Ccnfiguration B-2. 

Figure 1. - cmse eectione of ein&3-thct uater-inertia separation inlets. 
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(d) ConflguratimB-4. 

mgure 1. - CaKCLuded. Cross sections of eingle-duct water-inertia eepaxation inlet8. 
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Direat-ram inlet 
r-(A-O with N-l, reference 1) 

8' 

0 .2 .4 -6 .8 1.0 1.2 
Inlet-velocity, Vl/Vo 

Figure 2.- Varlatlon of ram-pressure recovery uith velocit ratio. 
Airspeed VO, 280 m iles per hour; angle of attack a, 0 %  . 
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Configuration 
-, 0. B-1 
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B-3 
B-4 

(8) Angle Of attacsa, 0'. 

.8 

(b) Angle of attack,u, approximately 8'. 

Figure 3.- typical radial profiles of velocity at compressor 
inlet. Airspeed VO, 280 m iles per hour; inlet-velocity 
ratio Vl/Vo, 0.75. 
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(a) COniQuraticm B-l; ioing (b) Confmtion B-2; 10m 
prlcd, 2 mimes. prlcd, 10 nlnulms. 
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